Background: Most reports regarding the obesity paradox have focused on body mass index (BMI) to classify obesity and the prognostic values of other indirect measurements of body composition remain poorly examined in heart failure (HF).
Introdution
Obesity is defined by excessive body fat and has a longestablished relationship with cardiovascular disease (CVD) and heart failure (HF) 1, 2 . In the general CVD-free adult population, extremes in body mass index (BMI) have been associated with an increased risk of overall mortality [3] [4] [5] . However, there is a growing body of clinical evidence indicating that excess weight might confer a lower risk of adverse clinical events, particularly in HF patients. This phenomenon has been referred to as the "obesity paradox" or "reverse epidemiology" [6] [7] [8] .
Most reports regarding the obesity paradox have used BMI to classify obesity 9 . Although BMI is the most common method to define overweight and obese populations in epidemiological studies, it clearly does not reflect body composition 10 , thus depicting a relatively low sensitivity to predict fat excess 11 . Unfortunately, direct measurements of body mass composition, like dual energy X-ray absorptiometry (DEXA), are not practical and have not been directly related to survival in HF patients 12 .
Data to evaluate the prognostic value of other anthropometric and indirect measures of body composition, such as waist circumference (WC), arm muscle circumference (AMC), and triceps skinfold (TSF), have been poorly examined in HF patients. Lavie et al 13 have suggested that a high body fat percentage, as estimated by TSF measurements, might be an independent predictor of cardiovascular death or heart transplantation. However, other studies have not reached a consensus regarding the role of these parameters in HF prognosis [14] [15] [16] . Therefore, the aim of the present prospective study was to evaluate the association between BMI and several other indirect, but easily accessible, body composition measurements to the risk of HF mortality and hospitalization.
Methods Study Design and Population
A prospective cohort of HF outpatients followed-up at the HF and Transplant Clinic of a university tertiary care hospital in Porto Alegre (RS, Brazil) between May 2008 and December 2009 were enrolled in the present study. This cohort included patients with an HF diagnosis, predominantly with left ventricular systolic dysfunction [left ventricular ejection fraction (LVEF) < 50%], confirmed by two-dimensional echocardiography. Pregnant women, patients with significant peripheral edema, and those with clinical conditions, in which anthropometric measurements were not feasible, were excluded. Signed and informed consent was obtained from all patients prior to enrollment and the research protocol was approved by our institutional review committee.
Anthropometric Parameters
Anthropometric measurements of weight, height, body surface area (BSA), BMI, WC, arm circumference (AC), AMC, and TSF were collected during the first medical examination. All anthropometric measurements were performed by the same trained investigator, a registered nutritionist, to avoid interobserver variability.
BMI, BSA, and Ponderal Index (PI)
BMI was calculated using the Quetelet equation as follows: BMI (Quetelet) = weight (kg)/length (m) 2 . Weight was measured using a balance scale (Filizola PL180; Filizola, Brazil) with capacity of 180 kg and an accuracy of 100 g. For height measurement, we used a vertical wall-mounted stadiometer. BMI was classified into three categories according to the World Health Organization classification for adults: underweight (<18.5 kg/m²), normal weight (18.5-24.9 kg/m²), and overweight (>25 kg/m²); and the Pan American Health Organization criteria for the elderly: underweight (<23 kg/m²), normal weight (23-28 kg/m²), and overweight (>28 kg/m²) 17 . In addition, we calculated BSA as weight 0.5378 × height 0.3964 × 0.024265 and PI as weight/height 3 .
Waist circumference
WC was measured at the midpoint between the lowest rib and the iliac crest during expiration. Patients were instructed to remain in an upright position with weight evenly distributed on both sides and breathing smoothly to prevent abdominal muscle contraction.
Triceps Skinfold
The TSF thickness (in mm) was obtained at the mid-point of the non-dominant arm (between the acromial process and the olecranon) with the arm freely stretched along the body. A fold of skin was then pinched with the fingers and a scientific caliper (Cescorf Scientific, Cescorf, Brazil) was applied. The measurement was repeated three times and the mean of the measurements was used for analysis.
Arm muscle circumference AMC (in cm) was calculated by measuring the AC and the TSF thickness, using the following formula proposed by Jelliffe: C2 = C1-3.14*S, where C2 is the muscular circumference, C1 is the arm circumference, and S is TSF thickness (in cm) 18 .
Outcome Evaluation
Enrolled patients were followed-up at the HF and Transplant Outpatient Clinic. At the HF clinic, patients were scheduled to have regular visits at pre-defined intervals of 1-4 months. Follow-up data were directly derived from reviewing all electronic clinical data from the institutional records (most patients had several follow-up visits). For patients who were not regularly visiting the HF clinic (or were lost to follow-up), telephone contact was attempted to obtain relevant clinical events based on a structured telephone interview performed by trained nurses. For the study participants who we were unable to contact by phone (approximately 20 patients), we checked their vital status through the State Death Certificate Database, which contains data on the main cause and date of all deaths in our state. For statistical analysis we used (1) all-cause mortality and (2) HF-related hospitalizations.
Statistical Analysis
Baseline patient clinical characteristics were expressed as mean ± SD or number and percentage. Continuous variables were compared using the Student's t-test or Mann-Whitney U test as appropriate, whereas categorical variables were compared using the chi-square test or Fisher's exact test. TSF and BMI were also analyzed according to quintiles of the distribution. Survival curves were constructed using the Kaplan-Meier method and compared with the log-rank test. Cox proportional hazard regression analysis was performed to determine independent predictors of survival and included at least one anthropometric parameter (either BMI or TSF) and clinical predictors of risk [gender, age, New York Heart Association (NYHA) class, LVEF, and serum creatinine level]. A two-tailed p value < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS statistical software ver. 18 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
From May 2008 to September 2009, a total of 378 HF outpatients, who were followed-up at the HF and Transplant clinic, agreed to participate in the study and had their anthropometric parameters evaluated. We excluded 34 patients from the protocol because LV function assessment indicated a LVEF > 50%.
Baseline clinical characteristics of the remaining study population (n = 344) are listed in Table 1 and stratified by survival. Overall, HF patients were predominantly male, self-reportedly white, of non-ischemic etiology, in NYHA functional class I-II, and had moderate to severe LV systolic dysfunction (mean LVEF = 32 ± 9%). Most patients were hypertensive and 30% had diabetes. The mean follow-up period was 30.3 ± 8.2 months. Patients who died were older, had relatively high creatinine levels, low LVEFs, and depicted a trend towards higher NYHA functional class.
Nutritional assessment parameters are listed in Table 2 . Most HF patients were overweight when classified by BMI. There were no significant differences in most anthropometric parameters between patients who died and those who survived. In particular, mean BSA and BMI were remarkably 
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Arq Bras Cardiol. 2013;101(5):434-441 similar in both groups, even when stratified by quintiles of the distribution. TSF was the only anthropometric index that was associated with HF prognosis. Surviving patients had a TSF 10% higher than patients who died. A TSF ≥ 20 mm was observed in only 9% of the HF patients that died during follow-up and in 22% of those that survived (p = 0.027; Table 2 ).
Data regarding TSF quintiles are presented in Table 3 . Patients within the highest TSF quintile were younger, mostly females, with lower serum creatinine levels and higher LVEFs. As expected, patients in the highest TSF quintile had higher BMIs and WCs (p < 0.001). Figure 1 
rd , and 4 th quintiles. No significant differences were observed in HF hospitalizations according to TSF. In addition, the Kaplan-Meier survival curves stratified by TSF progressively diverged over time (Figure 2A ), but such differences were not observed in the BMI-stratified analysis. Table 4 shows univariate analysisand multivariate Cox regression analysis results for all-cause mortality, including nutritional parameters and other clinical variables. In the univariate analysis, serum creatinine levels, LVEF, and NYHA class were associated with risk, but TSF was the single best predictor of mortality [hazard ratio (HR) = 0.36; 95% confidence interval (CI) = 0.14-0.91; p = 0.03]. Finally, after adjustment for these clinical characteristics, TSF remained a major independent predictor of overall mortality (HR = 0.36; 95% CI = 0.13-0.97).
Discussion
Despite the growing interest in the obesity paradox, there is still an ongoing debate regarding the most appropriate parameter(s) to assess the nutritional status of HF patients. Our results demonstrated that among numerous anthropometric indices (BMI, BSA, PI, TSF, WC, and AC), TSF was the only parameter that could differentiate survivors from non-survivors in a contemporary "real-world" prospective cohort of HF patients. This finding is in agreement with the concept of reverse epidemiology, as HF patients in the highest TSF quintile had lower overall mortality, even after adjustment for other important clinical predictors of risk. We did not observe a dose-response relationship between TSF and mortality, as only the superior quintile, representing a greater amount of fat mass, appeared to be an independent protective factor. In addition, unlike other studies, we did not find BMI as an adequate predictor of HF prognosis. function, underweight patients or those with a low BMI were independently associated with a substantial increased risk of death (almost 70% for BMI < 22.5 kg/m²), but primarily in patients without evidence of fluid overload 7 . Recently, Vara et al 20 described this phenomenon in elderly, hospitalized, HF patients However, although obesity is frequently evaluated by BMI in clinical practice, several investigators have questioned the accuracy of BMI to assess different body composition components [21] [22] [23] . For instance, the relationship between BMI and body fat percentage was reportedly influenced by ethnicity and age 24 . In the elderly, BMI might represent a higher percentage of body fat, while in the relatively young this association is less evident 25 . Recently, similar to our findings, several other investigators have questioned the usefulness of BMI as a predictor of mortality or cardiac events 10, 14, 16, 26 . Direct indices of body composition are theoretically the best markers to evaluate the prognostic role of nutritional status in different cardiovascular scenarios. Unfortunately, until now, there were no prospective large-scale studies that evaluated the role of these parameters on HF survival. Recently, Oreopoulos et al 12 evaluated the association between direct measurements of body composition by DEXA and prognostic factors in 140 chronic HF patients and demonstrated that BMI misclassified body fat status in approximately 40% of the studied patients. Also, a higher lean body mass and/or lower fat mass were independently associated with factors that are prognostically beneficial in HF, suggesting that BMI may not be a good indicator of adiposity and may, in fact, be a better surrogate for lean body mass in this population, a finding that per se might question the obesity paradox 12 . However, one must also consider that the association of direct body composition measurements with surrogate CVD markers may not translate into similar data regarding survival 10 .
Anthropometry is a simple technique that is easily applied in clinical practice or in large population surveys. Numerous anthropometric parameters have been proposed to assess nutritional status and appraise different body composition components. TSF thickness measurement allows estimation of body fat content 27 , while limb circumferences reflect limb muscle and, thus, protein nutritional state. It is important to point out that TSF thickness measures primarily subcutaneous fat, and therefore, is insensitive to changes or abnormalities in visceral fat. Body density and body fat can be accurately estimated from the sum of TSF measurements 28 . Previous studies have compared and validated different body composition techniques, such as DEXA, to assess fat mass and have demonstrated an adequate accuracy to estimate body fat mass, both for subscapular and TSF thickness 29 . In particular, TSF has been used more frequently than other sites, because it is easy to access, reproducible, and can measure a wide range of variation among individuals 30 . A recent study compared body composition assessment in 118 hemodialysis patients and reported that TSF was one of the most accurate parameters to estimate total body fat percentage using DEXA as the reference test 31 .
Lavie et al 13 pioneered evaluation of the prognostic role of body fat percentage based on skinfold measurements in HF patients and demonstrated that for each 1% absolute reduction in percent body fat, major clinical events increased by >13%. Assessment of other anthropometric parameters, such as WC, has been proposed for HF risk stratification, but with inconsistent results 14, 15 . Our results reinforced the concept of the obesity paradox and suggested that assessment of a simple anthropometric parameter to measure subcutaneous fat (the TSF) might be adequate to indirectly assess overall body fat mass.
Regarding hospitalization risk, most reports on the assessment of the obesity paradox opted for analysis of a combined endpoint (death and hospitalization), thereby limiting separate evaluations of these events. Furthermore, some studies have found similar results, in which obesity is a predictor of only overall/cardiovascular mortality, but not hospitalization 8 . One possible explanation for these findings is the fact that patients with greater adiposity are diagnosed earlier with HF, which justifies why this group is younger, has less degree of cardiac dysfunction, and consequent better survival. These patients, however, may have similar vulnerability to episodes of HF decompensation than those with normal amounts of fat mass.
The results of the present study should be evaluated by taking into account some methodological limitations. First, we used indirect measurements of body composition to evaluate body fat mass. Several studies, however, suggested that TSF measurement was apparently an adequate estimation of body fat 27 . Second, we acknowledged that anthropometry, particularly skinfold measurement, requires a considerable amount of technical skill and meticulousness. In our protocol, all parameters were evaluated by a single trained professional to avoid interobserver variability. Third, we opted to use only TSF measurements to predict body fat composition 30, 31 instead of more complex equations based on multiple skinfolds. Although this strategy might slightly reduce the accuracy of body composition assessment, we believe that if simplifies the clinical applicability of our findings.
References Conclusion
Our results demonstrated that TSF might be a better predictor of mortality in HF outpatients and reinforced the concept of the obesity paradox. TSF measurement has the advantages of a simple, practical, and low cost method to assess risk and can be easily implemented in clinical practice, if performed by a trained professional.
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